This study examined adaptation of root crop farming system to climate change in Ikwerre Local Government Area of Rivers state, Nigeria. Seven towns were selected based on a population of five thousand and above from which one hundred and ninety-one respondents were randomly chosen. Sixty-six years' data on climatic variables of rainfall, temperature and relative humidity were obtained from Nigeria Meteorological Agency between 1950-2015. Analyses were carried out using simple proportion for qualitative variables while mean and standard deviation were used in analyzing the qualitative variable. Similarly, the triangulation method involving qualitative and quantitative components in data generation was used. Results showed that, there had been a steady but gradual increase in the mean annual minimum and maximum temperatures over the study period of thirty years. The overall mean rainfall computed was 191.1 mm. In general, there was a shift increase in both rainfall and temperature during the period under study. The respondents attributed crop failure (100%), reduced crop yield (100%), increase incidence of pest and diseases (100%) and delay in planting period (100%) as direct effects of climate change. A steady trend in relative humidity of (84.3%) was recorded and the mean annual wind speed computed was 67.9 knots. The adapted strategies include delay planting period, crop diversification 100%, cultivation of early maturing crops such as maize, vegetables, intercropped with the root crops and changes in the time of farm operations (99.4%) as well as a change in the planting period and changing farm location (98.9%). The latter will in addition to other benefits reduce the incidences of pest and diseases that may be attracted to the same field if continuously cultivated with the same crops. An implementable policy of accessibility of finance to the real farmers is seriously advocated.
Introduction
Agricultural production remains the main source of livelihood for most rural communities in Nigeria. It provides a source of employment for more than 60% of the population and contributes about 30% of Gross Domestic Product (GDP) [1] . The performance of the agricultural sector is determined by crop production, which depends on a large number of both edaphic and climatic factors such as endowment of soils, rainfall, temperature, and relative humidity. But recent concerns and findings indicate that these climatic variables are changing. Climate change refers to any variation in climate over time, whether due to natural variability or as a result of human activity [2] [3] . Climate change in the form of higher temperatures, reduced rainfall and increased rainfall variability, reduces crop yields and net farm revenues and threatens food security in low income based economies including African countries [4] [5] . At the 10th and 38th Session of Inter-Governmental Panel on Climate Change (IPCC) Working Group II in Yokohama, Japan, the world is warned that climate change's impacts are leading to shifts in crop yields, overall decrease in yields, with the likelihood that global average surface temperature rising to 1.8 degrees to 4.0 degrees Celsius by 2100. Climate variability will increase almost everywhere. Northern latitudes will experience more rainfall; many subtropical regions will see less. In light of these, some indigenous communities are changing seasonal migration and hunting patterns to adapt to changes in temperature [6] . Furthermore, IPCC report [7] predicts that the climate change over the next century will affect rainfall pattern, river flows and sea levels all over the world. Studies show that agricultural yield will likely be severely affected over the next hundred years due to unprecedented rates of changes in the climate system [8] [9] . The accelerated increase in the greenhouse gases (GHG), concentration in the atmosphere is a major cause for climate change. Studies such as [10] [11] , predict that by the year 2050, the rainfall in Sub-Saharan Africa (Nigeria inclusive) could drop by 10%, which will cause a major water shortage. This 10% decrease in precipitation would reduce drainage by 17% and the regions which are receiving 500 -600 mm/year rainfall will experience a reduction by 50% -30% respectively in the surface drainage.
This has serious implications for Nigeria which is by far the world's largest producer of yams, accounting for over 70 -76 percent of the world production. Ac- million metric tons with value equivalent of US $5.654 billion. Considering the findings above, there is need to preserve, boost and promote the agricultural sector especially root crop farming system as an alternative means of income for the Nigerian economy to cushion the economic shocks experienced by the fluctuating global oil prices in the face of the current economic recession. [12] investigated remote sensor technology for precision crop production. The findings of the study revealed that a combination of items was needed by farmers in utilizing sensory technology for precision crop production. [13] examined climate change impacts and adaptation in rain-fed farming system using a modelling framework for scaling out climate smart agriculture. The potential for improving soil water productivity and improved water harvesting have been explored as ways of climate change mitigation and adaptation measures. The paper argued that this can be utilized to explore and design appropriate conservation agriculture and adaptation practices in similar agro-ecological environments, and create opportunities for out-scaling for much wider areas. [14] studied the impact of climate change on yields for the four most commonly grown crops (millet, maize, sorghum and cassava) in Sub-Saharan Africa (SSA). A panel data approach was used to relate yields to standard weather variables, such as temperature and precipitation, and sophisticated weather measures, such as evapotranspiration and the standardized precipitation index (SPI). Each GCM was simulated under a range of greenhouse gas emissions (GHG) assumptions. Relative to a case without climate change, yield changes in 2100 are near zero for cassava and range from −19% to +6% for maize, from −38% to −13% for millet and from −47% to −7% for sorghum under alternative climate change scenarios. [15] households primarily attribute reduced crop yields to changes in rainfall pattern and increasing incidences of drought leading to soil moisture stress. The implications are that the agriculture dependent households are now food insecure. As a way of coping to the observed changes, the coastal communities among others have shifted to production of high value horticultural crops and use of forest resources. Haven reviewed some of the related studies; this paper however, is a novel study in the locale and most especially, its impact on root crops that is predominantly planted by all the farmers in the area. However, most studies carried out in Nigeria were on Cassava only. No known study has examined a combination of different root crops such as cassava, yams, sweet potatoes and cocoa yam in relation to adaptation to climate change especially in a mostly agrarian Ikwerre Local Government Area of Rivers state, Nigeria. The experience of farmers in the area which includes crop failure, reduced crop yield, increase incidence of pest and diseases and delay in planting period, change in farming location as direct effects of climate change were specific to the study locale different from other related studies in the literature. More so, adaptation varies from location to location because of the peculiar nature of each study locale and the crop that is involved. This study is contributing to the literature of the knowledge of adaptation to climate change from Nigeria especially on root crops which is different from the study already published in the literature from around the world.
The challenges pose by climatic variations on crop production has also been well documented (see [17] - [23] ). These authors reported that climate change will likely lead to a major spatial shift and extension of crop lands as it will create a favorable or restricted environment for crop growth across different regions.
And that frequency of heat stress; drought and flood negatively affect crop production. However, the studies cited above were carried out mostly on cassava in different parts of Nigeria. No known study has examined a combination of different root crops such as cassava, yams, sweet potatoes and cocoa yam in relation to adaptation to climate change especially in a mostly agrarian Ikwerre Local Government Area of Rivers state, Nigeria. This is the gap in knowledge which this study intends to provide. This study seeks to investigate the adaptation of root crop farming system on climate change to compliment knowledge in the literature of the problem. Principally the study is set out to find out how farmers in the area have coped with the impacts of climate change and identify their adaptation strategies on cassava, yam, cocoa yam and sweet potatoes production over the decades. It equally identified the root crops that are predominantly impacted by the changing climate. 
Geography of the Study Area

Methodology
The study used the mixed methods (triangulation) involving qualitative and quantitative components. Two sets of data were used namely the primary data and secondary data. The primary data was obtained through questionnaire administration on farmers understanding of climate change, its effects on root crop production and their adaptation strategies to the production and productivity of their root crops. The qualitative methodology involved focused group discussions and consultations with individual interviews of local farmers including females. The second set of data, the secondary data was collected from Federal Meteorological Agency Port Harcourt, Rivers State on four climate variables namely: Rainfall, Temperature, Relative Humidity and Wind speed over a period of sixty-six years for analysis. To achieve the objective of the study seven town were selected based on a population of five thousand and above in the area for analysis. These are Omuawa, Uzuaha, Omagwa, Obodo-Isiokpo, Omademe, Ubima and Omodukwu-Igwuruta. A total of one hundred and nineteen (119) structured questionnaires were developed and thirty percentage (30%) of the root crop farmers (young and old), were randomly selected in each of the seven sampled community for interviewing. Questionnaires were distributed to educated farmers young and old, or who had educated relatives in their compounds after thorough explanations of the aim and objectives of the study to the respondents through an interpreter. The implication of including the younger farmers is that younger farmers are likely to adopt new innovation faster than the older ones. This is in agreement with [24] that majority of farmers within the age range of 41 to 50 years are still in their active age, more receptive to innovation and could withstand the stress and strain involved in agricultural production and ease adaptation to climate change.
Data analysis was carried out using simple proportion for qualitative variables while mean and standard deviation were used in analyzing the qualitative variable. The outputs were further presented in tables and charts. The data was structured and presented from the responses to the research questions in line with the aim and objectives of the study. The analysis of the data both primary and secondary data was aimed at bringing to the knowledge of both informed and uninformed stakeholders, the basic understanding, adaptive strategies and experiences of climate change and its effects on root crop farming system in the sampled communities of the Ikwerre Local Government Area, of Rivers State, Nigeria.
Results and Discussion of Findings
Demographic Characteristics of Farmers in the Locality
Of the sampled population of 179 respondents in all the seven communities of Ikwerre local government area, there were 78.8 percent male respondents and 21.2 percent female respondents. The age distribution of respondents showed that farmers were between the age brackets 36 -50 yrs (43.6%), was the highest in the age distribution followed by 26 -35 yrs (21.2%), 51 -65 yrs (20.7%), 15 -25 (8.4%) and ≥65 yrs (6.1%). The result of years of farming experience by age in the study area showed that farmers with 10 -19 years (39.7%), of farming experience were the highest respondents, however this can be explained by the fact that most of the farmers met during the study were middle aged farmers with few farmers within the ages of 51 and above. This is followed by farmers with 20 -29 years (22.3%), farming experience who were very close to having the threedecade farming experiences upon which the effects of Climate variables were measured. Farmers with 0 -9 years (9.5%), were third in the rank followed by farmers with 0 -49 years farming experience (6.7%) and those with >50 years were bottom on the list representing (0.6%), of the sampled respondents. Below, however, is the analysis of farm size according to sampled communities.
Climate Characteristics of the Study Area
The Climate characteristics showed mean annual pattern of rainfall and tempera- showed that Port Harcourt is warmer in the last two decades than the previous years. However, the first decade is cooler than other decades.
Physical Characteristics, Challenges and Climate Events
Significantly Impacting Root Crop Farming Table 1 Findings indicates in Table 1 that access to funding is highest in the farmer's priorities with a mean of 2.989 and for the farmers to be able to acquire modern farming tools and equipment to improve their farming activities; access to funding is a vital necessity for every subsistence farmer. access to market (1.000) and source of irrigation (1.000). It was clear that the local inhabitants depend on rain-fed agriculture for their crops. This makes farming in the area highly vulnerable to climate change. Table 2 showed results of Major Climate events that had significantly affected farm production in percentage (%). From the 179 respondents from the seven sampled communities in the Ikwerre local government area, 99.4% claimed that flood is their major climatic event that significantly affected their farm production. Table 2 shows results of the Effect of climate-related events on root crop production (%). The results revealed that Crop failure, reduced crop yields and delay in planting period are the major resultant effects of climate-related events on root crop production representing 100% of sampled farmer's opinions followed by incidence of pests and diseases which came out high on their observations on the effects of climate related events scoring 99.4% from the entire sampled population of 179 respondents. The study attributes crop failure, reduced crop yield, increase incidence of pest and diseases and delay in planting period are the direct effect of climate variables. Table 3 shows results of farmer's adaptive strategies to the effects of climate change in a bid to avoid total income and crop failure from their farming activities as follows: delay planting period, crop diversification 100%. Cultivation of early maturing crops such as maize, vegetables intercropped with the root crops and changes in the time of farm operations 99.4% respectively as well as the Table 2 . Effect of climate-related events on root crop production (%). planting period to avoid crop failure and changing their farm location 98.9%.
The latter will in addition to other benefits reduce the incidences of pest and diseases that may be attracted to the same field if continuously cultivated with the same crops.
Analysis of how farmers adjusted to long-term shifts in two major climatic variables that affected root crop farming revealed that apart from Ozuaha (96.6%) all the other six communities indicated 100% wait for a favorable period before planting during a long-term shift in rainfall and replanting of crops that died off during long-term shifts in temperature. However, in Ozuaha, 3.4% will plant at their usual planting periods during long-term shifts in rainfall. But during long-term shifts in temperature, 96.6% of the farmer's reported that they replanted those crops that died off and 3.4% do not replant.
Findings further showed that the four major root crops cultivated include sweet potatoes, cocoa yam, yams and cassava. Amongst these four major root crops, cassava is the most widely root crop (indicating 100%) cultivated, meaning that each sampled farmer cultivates cassava followed by yam (98.9%), cocoa yam (10.1%) and sweet potatoes (7.8%). It therefore, showed that cassava was the mostly affected root crops by climate change especially the changes in rainfall and temperature.
Conclusion
The study area has passed through a steady but gradual increase in the means of 
Recommendation
In view of the above findings and the growing concerns of climate change, the study posits the need for Climate Smart Agricultural (CSA) practices which would reduce GHG emissions and their effects while increasing crop yield. The following specific adaptation strategies are recommended for sustainable root crop cultivation.
1) Farmer cooperatives need to be promoted for easy access of funding to farmers to boost their crop production;
2) Media outlets such as radio stations, television stations, print media, comedians, etc., should be exploited to relay messages to the remotest farmer on new technologies and any agricultural information;
3) Climate information should be relayed to farmers in languages they understand best such as weather forecasts, early warning systems, etc.; 
